Résumé. 2014 La fonction de corrélation de paire P(r) pour les polymères en solution a été mesurée par diffusion de neutrons aux petits angles dans l'intervalle 3 RG ~ r ~ I où RG est le rayon de giration et l la longueur du monomère. A la température thêta cette fonction est décrite par la loi de Debye 1/r. En bon solvant (limite haute température) et à la limite de la concentration nulle, S. F. Edwards prédit que cette fonction est uniformément proportionnelle à r-4/3.
information obtained from diffraction patterns, which is specific to each polymer species.
Earlier results were reported concerning these laws [2, 3] . Recent neutron scattering experiments have, however, brought new evidence. We therefore find it appropriate to give here a general survey of these results. The observation which we wish to discuss is the cross-over or change of behaviour. A well-known example of cross-over in polymer solutions is found in the scaling of RJ) with molecular weight M. For the isolated coil in a good solvent, theory [4, 5] predicts that the coil.is swollen with respect to the random walk configuration when M is sufficiently great. Below a given value M*, the coil returns to a configuration which has the essential (*) Collège de France, Paris. Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphys:0197800390107700 observable characteristics of a random walk. The vicinity of M * is characterized by a change of behaviour of the coil configuration.
The space M, T, C ( Fig. 1 ), where T is the temperature and C the monomer concentration (g cm-3) is in fact partitioned into regions in which RG has characteristic scaling laws in these three variables (Table I ) (Refs. [6, 30] ). As one goes from one region to another, the scaling law changes smoothly from one pattern to another. There are thus several crossovers in the polymer solution diagram [7] . Although the change of behaviour in the cross-over region was acknowledged in the literature [29] , it was never studied as such. 1) Recent progress [8] in the theory of critical phenomena has shown that there are characteristic exponents associated with the cross-over between critical and tricritical behaviour [9] .
2) Recent progress in neutron scattering techniques [10, 11, 12] has allowed a precise observation of the coil pair correlation function, in dilute as well as in semi-dilute solutions, over the entire intermediate The first is currently being studied and will be published elsewhere [13] . We will be concerned here with two experimental observations of the pair correlation function in the temperature-concentration diagram. 1) In a good solvent, in the limit of zero concentration, it is well-known [4] that the excluded volume interaction v swells the coil only if This condition expresses in fact the Ginzbourg criterion of the critical phenomena [14] . It can be written in the neighbourhood of the theta temperature 0 [4] where i is the reduced temperature 1: = (T -0)/0.
The important step to the understanding of the cross-over phenomena is the extension of condition (2. 6) to any chemical distance n N. At a given temperature i for which (2. 6) which is a known result [6, 7] .
2) In a good solvent, but in the semidilute regime, the excluded volume interaction v is screened beyond a characteristic value ncc by the finite density of coil segments. Here, the distances rn ) for n ncc are swollen, and the distances r' &#x3E; for n &#x3E; ncc are unperturbed, in contrast to the change of behaviour around n,,. Previous calculations [15] (2.12) which was observed in a small-angle neutron scattering experiment [15] .
3) Combining 1) and 2) in a semidilute solution we have until now, the existence of nc and ncc was derived as a theoretical hypothesis, which agrees with the observation of the law (2 .10) and (2.14). In the next section we present experimental evidence for the existence of these different behaviours.
3. Experimental study of température and concentration cross-overs. - We have investigated by SmallAngle Neutron Scattering cross-overs predicted by the theory [6] in region 1 (dilute solutions) and region II (semidilute solutions) of the temperature-concentration diagram (Fig. 1) . The special features of the scattering technique are amply described in recent papers [10, 11, 12] . All measurements are performed on a small-angle scattering spectrometer of the Laboratoire Léon-Brillouin set on a cold neutron guide of the EL3 reactor at Saclay [10] . The incident The pair correlation function has been derived by Edwards [5] as leading to the Fourier transform For elements with n greater than ncc, screening effects occur and the behaviour of 5;1 (q) is of a random coil type which is simply deduced from the Debye [17] form :
The existence of the length Çc defined by equa-tion (2.12) [18] . The formula (3. 8) describes the spatial cross-over between random coil form (q q*) and excluded volume form (q &#x3E; q*). It can be shown that setting Z = 1 in (3. 8) gives the excluded volume form first derived by Weill, Loucheux and Benoit [19] . On the other hand Z = 0 leads to the Debye formula [17] , or the random coil form.
The S(q c) function can be derived from Sl (q, c). As a first step, consider the scattering law S10(q, c) for a single coil without excluded volume interaction. The random phase approximation (RPA) applied [20] to the semidilute solution, with excluded volume interaction gives This expression accounts partially for the observed results. We found however that replacing S1 o(q, c) by S 1 (q, c) in the numerator of (3.9) improves the agreement with the data. We have therefore considered the interpolation formula
We found no reference in the literature for the justification of such a substitution. However there are two possible ways leading to formula (3.10). The first approach consists of improving the RPA along the lines of reference [21] . In the second, following reference [22] , we consider S1 (q, c) in (3.10) as the form factor of the coil and the remaining term as the contribution of the arrangement of the centres of mass. A recent scattering experiment [23] on coils labelled only around the centre confirms qualitatively the behaviour q2/(q2 + x2) (see also ref. [24] ).
Results. - The inverse of the intensity scattered by samples E to J (see table II) is displayed on figure 2 versus q5l'. The total concentration appears on the right of each curve. The scattered intensity is due to 0.5 percent of PSD chains and hence corresponds to S1(q, c).
The points are the experimental data and the solid curves represent the result of the calculation by formula (3.8). The agreement is excellent and the theoretical cross-over point is indicated by vertical arrows. For large concentration there is some data scatter, but the behaviour for q &#x3E; q* is clearly a straight line. Thus it cannot be due to chain stiffness, leading to a downwards curvature in this representation. When the total concentration increases, the behaviour of S1(q, c) changes gradually from an excluded volume form (straight line) to a random coil form (upwards curvature). The cross-over point q* goes from the low to the large value of the scattering vector with a concentration dependence given by (3. 5 [3] that this effect is due to the finite molecular weight.
The behaviour of the S(q c) function is then not well described by equation (3.10) . It can be noted that formula (3. 8) giving the S1 (q, c) function is the sum of two functions if we use the cross-over point value q* this form suggests a better representation of the function by reference to the homogeneous function approach [25] .
In the magnetic analogy [26] it has been shown that S(q, c) corresponds to the longitudinal correlation function of the magnetic problém [28] . This function is a homogeneous function of appropriate reduced variables near the critical point [25] . In the polymeric problem the reduced variable will be q/q*. In the high concentration range, i.e. for C greater than C*, S(q, c) is a Lorentzian [15] 1 where A is a constant at a given concentration and K is the inverse of the screening length 03BE By reference to this form, the homogeneous function will be where F(x) is the cross-over function. This function is unknown, but behaves asymptotically as
The value of K can be extracted from the plot of the inverse scattered intensity versus the squared scattering vector. Then it is possible to plot the function F(q, c) = (q2 + x2) S(q, c) versus ql/3 where S(q, c) is the actual measured function. According to (3.13) the cross-over will appear in this figure as a plateau followed by a straight line with a positive slope.
Results of this operation are shown on figure 4 for samples A to D (table II) . Sample A is the dilute solution for which S(q, c) behaves as q-5/3 and is used as a reference in this figure. Sample D is a semi-dilute solution and S(q, c) has the lorentzian form (3.11), represented here by a plateau. Between these two extreme behaviours, data for samples B and C exhibit the spatial cross-over. The vertical arrows indicate the cross-over point q* defined as the intersection of the asymptotes. This figure shows clearly that S(q, c) is well-described by the homogeneous function (3.12). Experimental values of q* so determined are displayed on figure 5 versus concentration in a log log plot. These values agree well with the predicted concentration dependence (3.5) . The (ii) The concentration range limited at the lower limit by C* (vertical dotted line with symbols) and at the upper limit by the maximal concentration CM given by the intercept of the upper q limit and line (3.14) .
Comparison of q* values collected in table II shows that for the same concentration (i.e. samples B and E) the cross-over point of S(q, c) is higher than the cross-over point of S1 (q, c).
3.2 TEMPERATURE CROSS-OVER. -Observation of this cross-over was done in region 1 of the diagram (Fig. 1), i.e. in the dilute range, at constant concentration, by varying the temperature. The sample is a solution of protonated polystyrene (PSH) in deuterated cyclohexane with a concentration ten times lower than C *. The characteristics of this sample are collected in table II (sample K) the 0 point of this solution is 38 °C [27] . The solvent used in the subtraction procedure is a mixture of deuterated and protonated cyclohexane in order to compense the large incoherent background due to the protons of PSH. Sample holder and temperature control are described elsewhere [7] . Measurements [19] . On the other hand, at the limit of region I, given by T -N-lJ2 between the dilute regime and the theta solvent range the polymeric chain behaves as a random coil (Z = 1) : (3.16) figure 1 can be used to describe the effective distances along the coil. As n decreases through ne, the behaviour changes from critical to tricritical. As n increases through nee the behaviour changes from critical to a mean field type. Further comments are as follows.
1) The observation of the polymer coil configuration provides a unique example of spatial cross-over, i.e. a change of behaviour which is controlled by the chemical distance n.
2) The polymer coil configuration is usually characterized by the squared radius of gyration RG and the squared step length l2. However, if excluded volume effects are to be accounted for properly, it is necessary to include the characteristic correlation length 03BE2 (2. 8) and 03BE2 (2.12) . These lengths are sometimes used to partition the coil into so-called blobs [13] . The blob concept helps to visualize the effects described above; it is however misleading to consider the coil as a succession of blobs, since the fundamental quantity is the chemical distance between segments and not their position.
3) The concept of ne and nee reconciles the proposition that there can be only one value for the critical exponent v, with the observation of the scaling law of RG as a function of molecular weight. 
